Ambient particles comprise approximately 25% of fungal spores, which cause adverse health outcomes such as respiratory diseases, allergy, and infection. In this study, we investigated temporal variations and distributions of ambient fungal spores in an urban area of the Taipei metropolis for over 1 year. A Burkard 7-day volumetric spore trap was used to collect air samples. Samples collected daily were stained, counted, and identified on the basis of morphological characteristics. The associations between fungal spores and environmental parameters were then evaluated through multiple regression analysis. Daily monitoring data revealed a large variation in fungal spore concentrations. Specifically, fungal spores peaked during summer months (June-August) and declined during winter months (December-early March); moreover, the average concentration of total fungal spores was 3,607.97 ± 3,181.81 spores m -3 . Ascospores were the most prevalent taxon that was recovered from the samples, followed by basidiospores, Aspergillus/Penicillium, and Cladosporium. Multiple regression analysis revealed that meteorological parameters were the main predictors of fungal concentrations. Temperature, wind speed, and humidity were consistently correlated with total fungi and major fungal taxa, and sunlight had a negative association with ascospores. Among the atmospheric pollutants, particulate matter with an aerodynamic diameter ≤ 10 µm (PM 10 ) and ozone were positively associated with fungal spores. Carbon monoxide (CO) at lag day 1 had a negative association with basidiospores. This is the first study to characterize daily concentrations and determinants of ambient fungal spores in an urban area of Taipei metropolis. The obtained data can be used to evaluate the health impact of fungal spore exposure on the residents of the Taipei metropolitan area.
INTRODUCTION
Recently, airborne bioparticles have attracted considerable attention because of their potency in causing various adverse health outcomes (e.g., allergic respiratory and skin diseases, asthma, and infection) (Burge and Rogers, 2000; Burge, 2001; Bush and Portnoy, 2001; Atkinson et al., 2006; Harley et al., 2009; Rimac et al., 2010; Knutsen et al., 2012) . A quarter of the suspended particles in the ambient environment were reported to be bioparticles (Matthias-Maser and Jaenicke, 2000) . One study conducted at two sampling sites (i.e., urban Rinnböckstrasse and suburban Schafberg) in Vienna, Austria indicated that 60% of the detected organic carbon in particulate matter (PM) with aerodynamic diameter ≤ 10 µm (PM 10 ) was contributed by fungal spores (Bauer et al., 2008) . This contribution may be influenced by numerous factors, such as meteorological parameters, atmospheric pollutants, land utilization, and geographical location (Lin and Li, 2000; Adhikari et al., 2006; Degobbi et al., 2011; Abdel Hameed et al., 2012; Haas et al., 2013) .
Ambient fungal spore distributions have been investigated in many countries. These data provide information on temporal variation (i.e., daily, diurnal, and seasonal variations) (Liao and Luo, 2005; Yamamoto et al., 2012; Fernández-Rodríguez et al., 2014) , spatial variation (Chow et al., 2015) , and the predictive land-use regression (LUR) models (Kallawicha et al., 2015) . In the United States, the concentrations of ambient fungal spores and other aeroallergens (e.g., grass, weed, and pollen) are provided by the National Allergy Bureau of the American Academy of Allergy, Asthma & Immunology on a daily basis as open access data on the Internet, which can be used as a guideline by the residents in the monitored areas, particularly the susceptible group, for avoiding or minimizing exposure (National Allergy Bureau, 2015) .
In Taiwan, the distribution of fungal spores has been reported by several studies conducted in different geographical regions, including Hualien (Ho et al., 2005) , Tainan (Wu et al., 2004) , and Taipei (Han and Chuang, 1981) , which are in the eastern, southern, and northern regions, respectively, of Taiwan. However, the concentrations, sampling time, and study period from each geographical location differed among these studies, and their data are relatively outdated (> 10 years). The most recent data for the Taipei urban area were reported by Chen et al. (2011 Chen et al. ( , 2014 , who used data from 2007 from the Sinjhuang monitoring station in New Taipei City In that study, sampling was conducted only 1 week per month; no daily data were available. Furthermore, the climate change patterns over the past few years may have influenced the temporal distributions of ambient fungal spores.
To investigate understand the current temporal variation in fungal spores and their relationship with other environmental parameters, we monitored daily concentrations of fungal spores in an urban area in the Taipei metropolis for over 1 year at a fixed site-monitoring location.
MATERIALS AND METHODS

Fungal Spore Sampling and Analysis
Daily fungal spore concentration was monitored from April 2013 to March 2014 (except during Chinese New Year) using a Burkard 7-day Recording Volumetric Spore Trap (Burkard Manufacturing, Rickmansworth, England). The sampler was fixed on the rooftop of a 4-story building of Guting Elementary School in the Da'an district of Taipei City. This school is located in an urban area with various commercial and residential buildings, green parks, and heavy traffic, which is characteristic of the study area. The sampler was arranged adjacent to the Environmental Protection Administration (EPA) monitoring station. The sampling location and land utilization around the sampling site are illustrated in Fig. 1 .
Airborne fungal spores were collected on Melinex tape that was coated with a thin layer of Lubriseal Stopcock Grease (Thomas Scientific, NJ, USA) and mounted on a rotating drum inside the sampler. The drum was changed weekly, and the exposed tape was removed and cut into seven 48-mm segments. Each tape segment is equal to a 24-h interval. The tape samples were then stained using glycerin jelly (Rogers and Muilenberg, 2001 ) and fungal spores were counted and identified on the basis of morphological characteristics (Muilenberg, 1999; Smith, 2000; Lin et al., 2004) . Spores were identified in the following categories: Ascospores, Basidiospores, Alternaria, Arthrinium, Aspergillus/Penicillium, Botrytis, Cercospora, Cladosporium, Curvularia, Drechslera/Helminthosporium, Epicoccum, Fusarium, Nigrospora, Oidium/Erysiphe, Periconia, Peronospora, Pithomyces, Polythrincium, Rusts, Smuts, Stemphylium, Tetraploa, Torula, and Ulocladium Spores that did not belong to any of these categories were classified as "other" and those that could not be recognized (e.g., broken or covering) were classified as "unidentified." Final concentrations were reported in spores m -3 of the air sampled.
Environmental Parameters
Meteorological parameters were obtained from the Central Weather Bureau at the Taipei monitoring station (approximately 3 km from Guting Elementary School) including temperature, relative humidity (RH), rainfall, atmospheric pressure, wind speed, and hour of sunlight. Daily atmospheric pollutants were obtained from the Taiwan EPA at the Guting Elementary school station including carbon monoxide (CO), suspended PM (PM 10 and PM 2.5 ), nitrogen oxides (NO and NO 2 ), ozone (O 3 ), and sulfur dioxide (SO 2 ). The average 24-h concentration was used for further statistical analysis.
Statistical Analysis
Data were analyzed using SAS statistical package (v.9.2, SAS Institute, Cary, NC, USA). The environmental parameters were non-normally distributed, and their distributions among different seasons were compared using the Kruskal-Wallis test. The correlations between fungal spore concentrations and each environmental parameter were assessed using the Spearman correlation coefficient (r). Additionally, a univariate regression analysis was used to determine the association between each potential predictor variable and fungal spore taxon. Variables with p < 0.2 were selected for further multivariate analysis. Multiple regression models were constructed for total fungal spores and major fungal taxa and an autoregressive model was used to evaluate the serial correlation of the fungal spore measurements. The autoregressive order was automatically selected and corrected for the error by using the stepwise autoregressive option in SAS PROC AUTOREG. Considering the growth and sporulation period of fungi in the environment, the 3-day lag effect of each environmental parameter was considered (Grinn-Gofroń, et al, 2011 , Sadyś et al, 2016 . The seasonal effect was also tested using the monitoring seasons (i.e., spring, summer, fall, and winter) as a categorical variable in the multiple regression analysis. The final regression models included significant variables with p < 0.01. To approximate normality for the regression analysis, fungal spore concentrations were transformed using base-10 logarithms. Moreover, fungal spore concentrations with a value of 0 were replaced with half of the lowest detection limit (1/2 LOD) before transformation to avoid zero values in the data set (US EPA, 2000) . , respectively). These taxa were present in > 99% of the total samples. The environmental parameters for each season are listed in Table 2 ; notably, each parameter differed significantly among the four seasons (p < 0.05).
RESULTS
From
The daily and monthly distributions of total fungal spores and major fungal spore taxa are shown in Figs. 2 and 3. The mean concentrations of each fungal taxon in the present study were compared with those reported by Chen et al. (2011) , who monitored fungal spores in Sinjhuang district, another urban location in the Taipei metropolitan area (Fig. 3 ). Both daily (Fig. 2) and monthly ( Fig. 3 ) monitoring data revealed that the temporal distributions of fungal spores obviously fluctuated. The results of the Kruskal-Wallis test indicated that the levels of total fungal spores and major fungal taxa exhibited significant monthly and seasonal effects during the study period (p < 0.05). Specifically, the concentrations of total fungal spores and major fungal taxa were elevated during the summer months (June-August), with a peak in total spores of approximately 20,000 spores m -3 . By contrast, the concentrations of fungal spores declined during the winter months (December-early March), with the lowest concentration of 241 spores m -3 . This winter effect was also observed in other fungal taxa.
The correlations between the concentrations of total fungal spores and major fungal taxa and the environmental parameters up to lag day 3 are presented in Table 3 . Temperature and dew point were positively associated with total fungal spores and all fungal taxa from lag day 0-3. In addition, sunlight had positive relationships with most fungal categories from lag day 0-3. Conversely, atmospheric pressure was negatively correlated with total fungal spores and all fungal taxa from lag day 0-3. Wind speed exhibited negative associations with most fungal categories on lag days 0 and 1, as well as basidiospores on lag days 2 and 3. RH and rainfall were positively related to ascospores from lag day 0-2, but negatively associated Cladosporium on lag day 0. Most atmospheric pollutants were negatively correlated with fungal spores up to lag day 3, except PM 2.5 and SO 2 PM 2.5 was positively correlated with Aspergillus/Penicillium and Cladosporium on lag day 0. SO 2 had positive associations with total fungal spores and most fungal taxa on lag day 0. 72.8 ± 6.6 68.0 ± 5.8 67. 16.8 ± 4.4 22.8 ± 0.7 17.9 ± 3.9 10.2 ± 2.9 PM 2.5 (µg m -3 ) 28.1 ± 11.5 22.7 ± 6.7 22.0 ± 9.6 27.8 ± 16.6 PM 10 (µg m -3 ) 51.0 ± 18.0 37.4 ± 9.7 46.7 ± 21.8 56.5 ± 27.1 O 3 (ppb) 27.9 ± 11.2 22.2 ± 7.8 26.4 ± 8.5 23.5 ± 7.9 CO (ppm) 0.66 ± 0.22 0.51 ± 0.13 0.43 ± 0.14 0.61 ± 0.21 SO 2 (ppb) 2.60 ± 1.02 3.00 ± 1.02 2.27 ± 1.01 3.11 ± 1.69 NO 2 (ppb) 24.1 ± 7.0 18.2 ± 4.6 16.3 ± 4.7 24.1 ± 7.2 * All environmental parameters in the 4 seasons differed significantly (p < 0.05 using ANOVA or Kruskal-Wallis test). (n = 351). Table 4 presents the multiple regression models after adjustment for autoregressive errors. The results revealed that meteorological parameters on the sampling day were important determinants of fungal spore concentrations, and that temperature and wind speed were the most consistent predictors for fungal spore levels. Temperature was positively associated with the concentrations of total fungal spores and all major fungal spore taxa, whereas wind speed was negatively associated with all fungal categories. RH was associated with total fungi and ascospores, whereas rainfall was positively correlated with Aspergillus/Penicillium. Dew point was another meteorological predictor for fungal spores, which had a positive association with basidiospores on lag day 1. Sunlight was negatively associated with ascospores in the multivariate model; however, a non-significant positive correlation was observed in the Spearman correlation analysis (Table 3) . Several atmospheric pollutants were associated with fungal spore concentrations. Specifically, the concentrations of total fungal spores, Aspergillus/Penicillium and Cladosporium increased with the increase in PM 10 levels, whereas the concentration of ascospores increased at higher O 3 levels. By contrast, the CO level on the previous day (lag day 1) was negatively associated with basidiospores.
DISCUSSION
In this study, concentrations of total fungal spores and major fungal spore taxa were monitored daily over a 1-year period in an urban area of Taipei metropolis. According to our review of the relevant literature, this is the first study to be conducted in a metropolitan area in Asia for examining the effects of meteorological and other factors on ambient spore concentrations. Ascospores, Aspergillus/Penicillium, basidiospores, and Cladosporium were the most prevalent fungal taxa, and observed in > 99% of the samples. Significant monthly and seasonal variations in fungal spore concentrations were observed, with a peak during the summer months and trough in winter.
Fungal spores are critical air pollutants with adverse health effects. Lung function decline has been associated with fungal spore concentrations in school children (Chen et al., 2011 (Chen et al., , 2014 when the average ambient fungal spore concentration exceeded 1,500 spores m -3 and early childhood wheezing was aggravated by ascospores and basidiospores in the participants of a birth cohort (Harley et al., 2009) . Furthermore, the presence of specific fungal taxa (i.e., Botrytis and Mildews) was reported to increase emergency visits and hospital admissions (Atkinson et al., 2006) . The mean monthly concentrations of total fungal spores, the concentrations of ascospores and basidiospores, and the 0.0047 0.0009 < 0.0001 *Forward stepwise approach was applied to select the significant variable (p < 0.01) from total 13 candidate variables (i.e., temperature, relative humidity, wind speed, rainfall, dew point, sunlight hour, atmospheric pressure, PM 2.5 &10 , CO, O 3 , NO 2 , and SO 2 ). Unless indicated otherwise, all variables in the final regression models are lag day 0 data. (n = 351).
concentrations of Botrytis and mildews in the present study all exceeded the concentrations observed by Chen et al. (2011 Chen et al. ( , 2014 (Fig. 3) , Harley et al. (2009) , and Atkinson et al. (2006) , respectively. These results indicate the potential adverse health effects of fungal spores on the residents of Taipei metropolis. However, further investigation is required to verify this inference.
A strong daily variation related to meteorological parameters was also observed in the present study. Temperature, RH, rainfall, and dew point were all positively associated with the concentrations of fungal spores by up to lag day 1. Similar results have been reported in many studies in various geographical areas worldwide (Sousa et al., 2008; Ho et al., 2005; Quintero et al., 2010; Grinn-Gofroń et al., 2011; O'Connor et al., 2014) . These relationships are most likely a result of the growth requirement of fungi through either a direct or indirect effect on water availability (a w ) (Burge and Otten, 1999) . The observed delay in effects was probably caused by the time required for the fungi to sporulate and release spores into the air. However, the regression models revealed that most parameters were significantly associated with fungal concentration on lag day 0; it is likely that these parameters primarily influenced the releasing mechanism of fungal spores rather than the sporulation process.
Additionally, we observed a negative relationship between wind speed and fungal spore concentrations, similar to that found in previous studies (Sabariego et al., 2000; Ho et al., 2005; Quintero et al., 2010; Filali Ben Sidel et al., 2015) . Wind speed affected the dispersion process of fungal spores, resulting in atmospheric dilution. Moreover, we observed a negative relationship between sunlight and ascospores in the multivariate analysis (Table 4) . Although sunlight exhibited a weak and insignificant positive association (r = 0.003) with ascospores in the Spearman correlation analysis, it had a significant positive association in the univariate analysis after adjustment and correction for the autoregressive error, and it remained significant in the multivariate analysis. The diverse effects of sunlight have been reported in previous studies. In particular, some fungal taxa require sunlight to activate the growth and sporulation processes (Macher, 1999; Sabariego et al., 2000) ; however, high light intensity and longer exposure duration can damage fungal cells and lead to cell death (García-Fernández et al., 2012) .
Other meteorological parameters, such as rainfall and dew point, exhibited positive and significant relationships with Aspergillus/Penicillium and basidiospores, respectively, in the multivariate analysis (Table 4) . Similar results have been reported in some other studies (Heo et al., 2014; Kallawicha et al., 2015) . However, Burge and Roger (2000) noted that rainfall involves both dispersion of fungal spores into and their removal from the ambient environment; therefore, negative associations have also been reported previously (Ho et al., 2005; Pakpour et al., 2015) . Dew point was demonstrated to increase basidiospore concentrations in the air (Quintero et al., 2010) . This could result from the characteristic of the spore-bearing cell, which actively releases spores by absorbing water from the air as humidity increases. This active mechanism occurs through a combination of high RH and high dew point in the ambient air, usually at dawn or after a period of light rain (Burge and Rogers, 2000; Jones and Harrison, 2004) .
According to the projected data of the Taiwan Climate Change Projection and Information Platform (TCCIP, 2016) , the temperature and rainfall in Taipei are expected to increase by a maximum of 1.71°C and 64.24 mm, respectively, between 2021 and 2040. Considering these projected data for our final regression models, we inferred that the increased temperature will contribute to a higher concentration of Cladosporium (specifically, an increase of 34 spores m -3 ), which also leads to a higher concentration of total fungal spores. Moreover, the number of days for which the Cladosporium concentration exceeds 1500 spores m -3 and the threshold concentration causing decreased lung functioning will also increase from 18 to 20 days in the future (0.6% increase) (Chen et al., 2014) . More adverse health outcomes can also be expected. Furthermore, the increasing temperature and rainfall in the projected data will affect the concentrations of other fungal taxa associated with these parameters. According to the regression model of each fungal taxon, the concentration of ascospores and basidiospores are expected to increase by 3 and 32 spores m -3 , respectively, when temperature is increased, while 211 spore m -3 of Aspergillus/Penicillium is expected to increase when both temperature and rainfall are increased. However, further investigation is warranted to estimate the potential adverse health outcomes of these increasing concentrations.
Atmospheric pollutants were also associated with fungal spore concentrations in the present study. In our multivariate analysis, PM 10 exhibited positive associations with total fungal spores, Aspergillus/Penicillium, and Cladosporium (Table 4) , which is similar to the results that were reported in Hualien, on the east coast of Taiwan (Ho et al., 2005) . Aspergillus/Penicillium and Cladosporium spores are easily adsorbed on the larger-sized particle surface and re-suspended in the air because of their small size (approximately 2-10 m) (Burge and Rogers, 2000) . These adsorbed spores can disperse across the continents during a dust event or through the prevailing wind (Brown and Hovmøller, 2002; Wu et al., 2004; Chao et al., 2012; Jeon et al., 2013) . In addition to long-range transportation, anthropogenic sources, such as industrial activities, traffic combustion, soil resuspension, and agricultural activities, can disperse substantial amount of PM in the air (Lin et al., 2008; Mazzei et al., 2008; Chuang et al., 2016) . These PM are potential sources and companions of fungal spores in the ambient environment (Womiloju et al., 2003; Bauer et al., 2008) . Considering the common size range of fungal spores, we further analyzed the relationship between PM 10-2.5 and fungal spores. The univariate results suggested that PM 10-2.5 had positive associations with fungal spores same as PM 10 . However, PM 10-2.5 was not included in the multivariate models because of its strong correlation with PM 10 .We decided to include only PM 10 instead of PM 10-2.5 because PM 10 contained the spores that has an aerodynamic diameter < 2.5 µm which were often observed in our samples (i.e., some species of Aspergillus/Penicillium and the apical cell of Cladosporium). Another reason is that the models with PM 10 provided slightly higher R 2 compared to ones with PM 10-2.5 , and thus only PM 10 was included.
An experimental study by Sommer et al. (1981) has demonstrated that CO can suppress the growth of fungi in the environment, which is similar to the negative effect of O 3 on the viability of ambient culturable fungi (Wu et al., 2007) . Therefore, we hypothesized that high levels of O 3 and CO were negatively correlated to fungal spore concentrations. However, our results revealed that only CO on lag day 1 had a significant negative relationship with basidiospores in the final regression model. This negative association probably results from the CO that inhibits the growth of mushrooms (which were the main sources of basidiospores observed in the present study), resulting in decreased basidiospore production. CO may also be an indicator for traffic: heavy traffic leaves a small habitat wherein mushrooms can grow (Newbound et al., 2010; Kallawicha et al., 2015) , resulting in a low concentration of basidiospores. Additional experimental studies are required to confirm the causal relationship between fungal spores and these environmental pollutants.
Research conducted in the United States (Adhikari et al., 2006) , Portugal (Sousa et al., 2008), and Poland (GrinnGofroń and Strzelczak, 2013) has reported positive associations between low O 3 levels (median = 29 ppb) and fungal spores, which is similar to our findings (Table 4) ; however, the mechanism of the association remains unclear. Another experimental study reported that a low level of O 3 (0.1 ppm) with short exposure time (1h) can induce the germination of certain fungi (James et al., 1982) ; however, most studies used O 3 to control or delay the growth of fungi. Significant inhibition effects were observed at a high concentration of O 3 (0.3 ppm), with the synergistic effects of temperature and exposure time (Palou et al., 2001; Antony-Babu et al., 2009) . However, the ambient O 3 levels were relatively low (usually < 0.05 ppm) with significant spatiotemporal variations in our study. Therefore, the fungicidal effect was not observed. We only observed a positive correlation between O 3 and ascospores (Table 4) , but the mechanism of this association is unclear. It might result from covariation of ambient air pollutants rather than intracellular mechanism. The actual relationship needs to be further investigated.
The daily average total spore concentration of 3,608 ± 3,182 spores m -3 noted in the present study is comparable to that described in some European studies (Docampo et al., 2011; Fernández-Rodríguez et al., 2014) . However, our recorded concentrations were lower than those found in a study conducted in Puerto Rico (Quintero et al., 2010) , where the mean concentration in the peak month (September) reached to nearly 30,000 spores m -3 , (our peak data was 8,126 spores m -3 in June). Moreover, the lowest mean concentration collected by Quintero et al. was approximately 10,000 spores m -3 in January, whereas that in the present study was 790 spores m -3 in December which is winter period. The winter effect has also been observed in a study conducted in Finland where the researchers found that the fluorescent bioaerosol concentrations declined in winter which might result from the snow cover and lower biological activities (Saari et al., 2015) . Various fungal taxa that were prevalent in the air in the Taipei urban area contributed to the total fungal spore number; ascospores contributed the most, followed by basidiospores, Aspergillus/Penicillium, and Cladosporium. These four taxa were present in >99% of all samples and their concentrations were higher than that of the other two most prevalent taxa (i.e., Smuts and Periconia), which were observed in > 80% of all samples.
These findings are similar to those by Chen et al. (2011) . However, the concentrations of each category varied between their study and the present study. For example, We observed higher fungal concentrations than did Chen et al., who reported an average total fungal spore concentration of 1,548.4 spores m -3 during the study period (September 2007-June 2008) and a highest concentration of 3,567 spores m -3 in February. According to the comparison data (Fig. 3) , a large temporal variation was observed in the daily monitoring data, but could not be recorded because of to the sampling strategy (i.e., 1 week per month) used in that study; temporal variation was also observed in other major fungal taxa. These results reveal the importance of daily monitoring, which can reflect the temporal variation in airborne fungal spores more accurately.
Compared with the data collected by Chen et al. (2011) , the average monthly concentrations of Aspergillus/Penicillium in the current study were 3-40 times higher, and those of other major fungal taxa were approximately 3 times higher (Fig. 3) . After referring to Khattab and Levetin (2008) regarding sampling height difference and fungal spore concentration, the Aspergillus/Penicillium concentration in the present study was expected to be lower because of the higher sampling height (15 m above the ground) than that used by Chen et al. (2.5 m above the ground); however, our results revealed a higher Aspergillus/Penicillium concentration. The possible reasons for this result include different sampling locations, nearby land utilization, and changes in meteorological and environmental conditions over the past few years, as has been reported by many studies (Ding et al., 2016; Kuo et al., 2016; TCCIP, 2016; Tung et al., 2016) .
Moreover, the daily concentrations of fungal spores in Hualien (mean ± SD: 4,844 ± 4,428 spores m ) were much higher than that recorded in the Taipei urban area here. However, in Hualien, the "other" fungal spore category had the highest concentrations, followed by ascospores, Cladosporium, Aspergillus/Penicillium, and Ganoderma (basidiospores) (Ho et al., 2005) . In Tainan, Cladosporium was the most prevalent fungi (Wu et al., 2004) . These results indicate the spatial variation in fungal spores: specifically, fungal spores in Hualien and Tainan generally originate from natural sources through local climate conditions, whereas the spores in the Taipei metropolis mainly originate from the nearby residential areas and human activities. This variation is corroborated by the high concentrations of Aspergillus/Penicillium in the Taipei metropolis, where the residential and commercial areas are major determinants of this fungal category (Kallawicha et al., 2015) .
In short, our results provide timely daily ambient fungal composition and concentrations in an urban area of Taipei metropolis. Although the R 2 of some fungal taxon models (i.e., Aspergillus/Penicillium and Cladosporium) were not optimal (R 2 < 0.7), they are comparable to those in other air pollution studies, in which the R 2 ranged from 0.11 to 0.86 (Rivera et al., 2012; Saraswat et al., 2013; AdamPoupart et al., 2014) . Furthermore, these models are also comparable to other bioaerosol studies (i.e., fungal spores and pollen) in which the R 2 ranged from 0.27 to 0.77 (Ho et al., 2005; Kallawicha et al., 2015; Silva-Palacios et al., 2015) . Moreover, these constructed regression models can satisfactorily predict fungal spore concentrations by using only meteorological and environmental parameters, which can enable residents to avoid or minimize exposure to high fungal spore concentrations. In addition, the Burkard 7-day spore trap used in our study is effective for long-term monitoring. One limitation of this study is that fungal spores were identified using morphological characteristics, which may lead to the misclassification of fungal spore categories; this is particularly true for those spores with common characteristics, such as hyaline ascospores and Fusarium spp., which have similar size, shape, and color. These samples could not be processed for further confirmation analysis because the spores were fixed and stained on slides. However, the Burkard 7-day spore trap helped capture both culturable and non-culturable fungal spores, which overcame the limitation of the culture-based method.
CONCLUSIONS
By monitoring daily fungal spore concentrations in an urban area of the Taipei metropolis, we demonstrated temporal variation in fungal spores over 1 year. Peak concentrations were observed during summer months, and lowest concentrations were observed in the winter. Temperature and wind speed were the most consistent predictors of total and major fungal taxa. In addition, RH was positively associated with total fungal spores and ascospores, while rainfall and dew point at lag day 1 were positively associated with Aspergillus/Penicillium and basidiospores, respectively. Similar to the positive association of O 3 with ascospores, PM 10 was also positively associated with total fungal spores, Aspergillus/Penicillium, and Cladosporium. By contrast, sunlight had a negative relationship with ascospores, and CO was negatively associated with basidiospores at lag day 1. To obtain the actual temporal variation in fungal spores, daily monitoring is suggested. The findings from this longitudinal study can serve as the baseline information for fungal spore distributions in the Taipei metropolitan area and can be used in further investigations of health effects of fungal spore exposure, enabling residents to avoid or minimize high fungal exposure.
